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DISCUSSION

Stability of gravity platforms on clay: reliability analysis
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K. S. Li, Binnie & Partners, Hong Kong

The Authors have presented a practical Paper
on the application of probabilistic method in ana-
lysing the stability of offshore gravity platforms.
The Authors also elucidated the step-by-step pro-
cedure for crystallizing all the uncertainties into a
single useful index of risk measure, the reliability
index fi. However, discussion is needed on the
Authors’ claim that statistical correlation between
spatial average strengths over different segments
of the slip surface was negligible.

In performing a geotechnical reliability
analysis, it is important to consider the statistical
correlation of input soil parameters, which arises
from three causes.

The first is that a soil property usually exhibits
a positive autocorrelation in the field. In conse-
quence, spatial averages of the property will also
be correlated spatially.

The second cause is that mean values of the
spatial averages over different spatial domains
within a homogeneous soil profile are often esti-
mated by the same sample mean value calculated
from a common set of data. If the sample mean
value underestimates (or overestimates) the true
mean value of a spatial average over a specific
spatial domain, the mean values of the spatial
averages over other domains will all be underesti-
mated (or overestimated) by the same amount.
Therefore, the uncertainty arising from the esti-
mation of the mean value of the random field,
hereafter called the sampling uncertainty, will
give rise to a positive correlation between the so-
called sample spatial averages.

The third cause is that, in general, corrective
factors, such as those arising from sample dis-
turbance, the effect of cyclic loading in the stress
states and the like as discussed by the Authors,
have to be applied to the measured soil properties
before they can be used as input soil parameters
for analysis. A common set of corrective factors is
often applied to spatial averages of different
spatial domains, for instance, to average strengths
of different segments of the slip surface. Like sam-
pling uncertainty, if the estimated corrective
factors underestimate the magnitude of the true
corrective factors, all corrected soil properties will
be affected to the same extent and similarly when
the corrective factors overestimate the true values.

This will give rise to a positive correlation
between the input soil parameters.

To illustrate in more detail the correlation
arising from different causes, consider a homo-
geneous random field x(¢), where ¢ is a location
parameter; x(t) can be decomposed into a con-
stant mean trend u and a random component §(f)
with zero mean value and constant variance o2,
ie.

x(1) = p+ () 4y

Suppose m is a sample estimate of u, the ‘true’
spatial average X, and the sample spatial average
X, over a spatial domain are defined respectively
as

5= f [u + 8] dr @

x, = L f [m + 8(1)] dt 3)
Vv

If m is an unbiased estimate of p, both %, and
X,. will have the same mean value of u. Following
the procedure by Li (1987) and Li & Lumb
(1987), the covariance between the spatial aver-
ages over two different spatial domains V and V’
is given as

cov {X,, X,.}

[ 1

= E{ _; L[rh +4(t)] dt — y]

X % J['h + 6(t")] dt’ — u]}
[ 1

= E{_(rh —w+ v Lé(r) dt:I

X _(r?: — u) + % L '6(t’) dt':l}

= cov {X,, X,} + var {m} C)]

in which the correlation between the soil property
at the sample points and that within the domains
V and V' is neglected. In particular, if the separa-
tion distance between the sample points in the
field are large in comparison with the scale of
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fluctuation, the property at the sample locations
can be regarded as statistically independent. In
this case, var {fm} reduces to the well known rela-
tion of

2

var {m} = % (5)

which is used in equation 11(b) of the Paper. The
first term in equation (4) is a result of autocorrela-
tion of the soil property, which cannot be
reduced, and the second term is attributed to
sampling uncertainty, which can be minimized by
taking more samples within the field.

Turning to correlation arising from the third
cause, if N =TIIL, N, represents the overall cor-
rective factor, the input soil parameter will
become

%y = NXx, (6)

Using first-order-second-moment theory, it is
easily shown that

cov {Nx,, Nx,}
= N? cov {X,, X,.} + m? var {N}
= N*{cov {%,, %,.} + var {m}}
+ m?® var {N} )]

Equation (7) is the general equation for evalu-
ating the correlation between input spatial aver-
ages under the assumptions stated above.
Equation (7) becomes equation 11(b) in the Paper
when the domains V and V' coincide. The
Authors have stated that correlation between the
average strength s; and s;, computed by the rela-
tions given in Vanmarcke (1977), could be
ignored due to the fact that the scale of fluctua-
tions 8, was small compared with the separation
distances of the segments. Based on this assump-
tion, the Authors concluded that the correlation
between the input spatial average strength at dif-
ferent segments of the slip surface can be ignored.
However, it should be remarked that the relations
given in Vanmarcke (1977) are developed on the
assumption that the true mean value of the
property is known. They are solely for evaluating
the correlation arising from spatial variability (i.e.
cov {X,, X,.}) rather than the correlation between
input spatial averages, which is given by equation
(7). The fact that cov {X,, X,.} is small does not
necessarily imply that other terms of equation (7)
can be neglected in the analysis. Otherwise, the
Authors would not have spent a major part of the
Paper discussing the estimation of var {N} which
also appears in equation (7).

The information given in the Paper does not
allow me to recalculate the reliability index to
take into account the correlation of average

strengths. Therefore, it is not clear to what extent
the reliability index will be overestimated by
neglecting the correlation between average
strengths, although my limited experience on
probabilistic slope analysis suggests that the dif-
ference is likely to be significant. Information on
this by the Authors would be welcomed.

Authors’ reply

Mr Li has provided details on spatial variation
and spatial correlation, which could not be pre-
sented in the Paper because of limitation on
length. The correlation between the average
strengths of two segments k and 1 can be calcu-
lated with the simplified relations of Vanmarcke
(1977), which are similar to Li’s equations. The
correlation coefficient is

A THAg) — Ag*THAgy)
p _ AOIZFZ(AOI)FZ(AOH)
24, AT(AYT(A)

@

where the As are areas as shown in Fig. 1 and the
I's are variance functions as defined by equation
(2) of the Paper. Using the values given in Table 2
in equation (8), gives p = 0 for segments 3 and 4.
Thus, the covariance between Nx, and NX,., Li’s
equation (7), is dominated by the last term in the
equation. The correlation between the other seg-
ments is zero because the soil properties in the
different layers are assumed to be statistically
independent.
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Fig. 1. Notation for areas in equation (8)
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